I
NAPPROPRIATE MEDICATION USE IS highly prevalent among older people, particularly those presenting to a hospital with acute illness. 1, 2 Certain drugs are considered inappropriate or potentially inappropriate in old age because of the higher risk of intolerance related to adverse pharmacodynamics or pharmacokinetics or drug-disease interactions. These observations have formed the basis for various sets of criteria for potentially inappropriate medication in older people, the best known of which is Beers criteria. [3] [4] [5] Beers criteria were developed in the United States and first published in 1991 3 and subsequently revised in 1997 6 and most recently in 2003. 5 The 2003 iteration of Beers criteria consists of 2 lists of drugs to be avoided in older people (1) independent of diagnosis and (2) considering diagnosis. Beers criteria explicitly caution prescribers to avoid certain drugs (independent of diagnosis) in all older people and to avoid other drugs in some older people with certain medical conditions because of poor risk to benefit ratio and consequently increased risk of adverse drug events (ADEs). One would therefore reasonably expect a significant association between potentially inappropriate medications (PIMs) and ADEs. However, 2 recent large-scale retrospective studies that specifically examined the association between Beers criteria PIMs and the incidence of ADEs 1, 7 found no statistically significant association. An Italian study of 1756 older patients admitted to a geriatric unit found that 4.4% of hospitalizations were related to ADEs that
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See Invited Commentary at end of article were definitely or possibly avoidable. 8 Of those patients whose hospitalization resulted from potentially avoidable ADEs, one-fifth (Ͻ1% of all admissions) had received an inappropriate medication or a drug not indicated for the diagnosed disease. A US-based study using the 2003 iteration of Beers criteria showed no significant causal link between Beers criteria PIMs and ADEs 9 identified from emergency department visits by very large numbers of older patients (n = 177 504).
In contrast to these negative study findings, other studies have found a significant association between PIMs and ADEs. A study of 550 older people attending an outpatient clinic in Taiwan found that those taking Beers criteria PIMs had a relative risk of adverse drug reactions more than 15 times that of persons who were not taking Beers criteria PIMs. 10 A smaller-scale Brazilian study of 186 older people 11 found that prescription of a Beers criteria PIM increased the risk of an adverse drug reaction by a factor of 2.3. A recent study of Medicare beneficiaries found that the risk of ADEs was doubled by inappropriate medication use, 12 although the definition of inappropriate medication was not confined to Beers criteria PIMs.
Most studies to date examining the association between PIMs and ADEs have also been limited by their retrospective design and restricted use of the limited "independent of diagnosis" subset of Beers criteria, whose transferability had been questioned because of the inclusion of many medications that are not available outside the United States. The lack of a reproducible, statistically significant association between Beers criteria PIMs and ADEs in these studies is also counterintuitive. If the purpose of defining criteria for PIMs is to highlight the inherent increased risk of ADEs, one would expect a significant and consistent association between Beers criteria PIMs and ADEs. The lack of a consistent association suggests that Beers criteria may be inadequate in their inclusion of drugs linked to the common ADEs seen in older people. Because of these perceived deficiencies of Beers criteria, our research group recently devised and validated a new set of PIM criteria in older people, called STOPP (Screening Tool of Older Persons' potentially inappropriate Prescriptions). 13, 14 STOPP criteria are based on commonly encountered PIMs and are listed according to physiological systems, as is the case with most drug formularies. They include 65 instances of more common and more important PIMs that predispose to ADEs in older people. The inter-rater reliability of STOPP has been established, as well as its performance in languages other than English, in a recent study involving 6 comparable teaching hospital centers in Europe. 15 The essential differences between STOPP criteria and Beers criteria are as follows:
1. STOPP criteria are organized according to physiological systems, whereas Beers criteria are not.
2. STOPP criteria deal with drugs that are currently in widespread use; Beers criteria include several drugs that are no longer available in most European countries, eg, trimethobenzamide, carisoprodol, clidiniumchlordiazepoxide, guanadrel, oxaprozin, and ethacrynic acid.
3. STOPP criteria place special emphasis on potential adverse drug-drug interactions and duplicate drug class prescription, whereas Beers criteria do not.
4. STOPP criteria contain several common instances of potentially inappropriate prescribing that are not mentioned in Beers criteria. 13, 14 STOPP criteria and Beers criteria have several areas of overlap. Both sets of criteria emphasize the higher risk of adverse drug reactions and events in older people with use of long-acting benzodiazepines, tricyclic antidepressants, anticholinergic drugs, and non-cyclooxygenase 2-selective nonsteroidal anti-inflammatory drugs. Both sets of criteria also focus on several common potential adverse drug-disease interactions in older people.
The incidence of STOPP-listed PIMs in older people presenting to a hospital with acute illness is approximately 35%. 2 A recent study of acutely ill older patients showed that ADEs resulting from STOPP criteria PIMs were almost twice as likely to be causal or contributory to hospitalization as ADEs resulting from Beers 2003 criteria. 2 However, the identification of ADEs in that study was based on trained clinical judgment as opposed to strict causality and avoidability criteria.
The aims of the present study were to (1) compare the prevalence of ADEs associated with the PIMs listed by STOPP criteria and Beers criteria, (2) compare STOPP criteria and Beers criteria in terms of their association with avoidable ADEs that cause or contribute to urgent hospital admission, and (3) determine whether ADEs identified by an expert consensus panel are significantly and independently associated with PIMs defined by STOPP criteria and Beers criteria.
METHODS
Ethical approval was sought and obtained by the local research ethics committee. We collected data prospectively on 600 consecutive unselected patients 65 years or older with acute illness at the point of hospital admission. Patients were admitted to a variety of medical and surgical services throughout the hospital. However, all data were collected within the first 24 hours of admission in the emergency department in more than 90% of cases, before patients were transferred to the various appropriate specialist departments. We recorded details of current and previous medical diagnoses, comorbidity burden (Charlson Comorbidity Index score), presence or absence of chronic cognitive impairment, current regular prescription medicines, current blood pressure, hematological and biochemical profiles, electrocardiograph results, and history of drug allergy or intolerance. Nonprescription (over-the-counter [OTC]) medication intake was not recorded because OTC drugs are tightly controlled in Ireland compared with other countries, and consequently, OTC drug use in Ireland is not considered an important cause of ADEs (except in cases of overdose). Activities of daily living (ADL) function was measured using the Barthel Index score. 16 Details were obtained from current hospital records as well as from patient and caregiver interviews. When necessary, patients' primary care physicians and community pharmacists were contacted for essential details.
DetectionofPIMswasbasedonpatients'medicationsatthepoint of hospital admission, prior to any modifications made by the admitting team. STOPP criteria and Beers criteria were then applied to the combined patient clinical profile and juxtaposed medica-tion list, and instances of PIMs were recorded, ie, PIMs that were related to preadmission medications only and did not include prescribed medications during the index hospital admission. Adverse drug events were only included if they occurred after PIM exposure and before hospital management began, ie, ADEs pertaining only to preadmission prescription medications were identified and not those occurring during the hospitalization. An ADE was defined as any noxious, unintended, and undesired effect of a drug, excluding therapeutic failures, intentional or accidental poisoning,anddrugabuse. 18 were used to define ADEs, and a consensus agreement of at least 3 of the 4 experts was used to define whether ADEs were (1) causal or contributory to hospital admission or (2) incidental findings detected and not related to the cause of admission. Adverse drug event avoidability was assessed using Hallas criteria. 19 The panel convened weekly in a group forum, discussed each case in detail, and checked reference sources such as the British National Formulary and reputable pharmacology texts. Individual panel members voted on whether the ADE was causal or contributory to admission and whether the ADE met individual Hallas criteria. The panelists were not asked to apply STOPPorBeerscriteriatotheclinicalandprescriptioninformationonly to comment on the presence of ADEs and whether they judged the ADE as being (1) causal or contributory to admission and (2) avoidable (using Hallas criteria). All of the criteria, both considering diagnosis and dependent on diagnosis, in the latest iteration of Beers criteria 5 were applied to the preadmission clinical and prescription data. Variables were dichotomously coded, ie, a patient had at least 1 potentially inappropriate prescription according to all of Beers criteria or had no inappropriate prescriptions.
The proportions of definitely avoidable or potentially avoidable ADEs detected by STOPP criteria and Beers criteria were calculated to determine any significant difference in the ability of the 2 sets of PIM criteria to detect (predict) clinically relevant ADEs, as determined by expert consensus agreement. These proportions were compared using the 2 test. We used multiple logistic regression analysis to determine whether ADEs were independently associated with PIMs as defined by STOPP criteria and Beers criteria. Only 1 logistic regression model was constructed to examine the influence of age, sex, number of medications, burden of comorbidity, cognitive impairment, presence of 1 or more STOPP criteria PIMs, and presence of 1 or more Beers criteria PIMs on the presence of ADEs at the time of admission. SPSS version 15 (SPSS Inc, Chicago, Illinois) was used to process all statistical data.
RESULTS
Details of age, sex, place of residence, functional status, recent falls, and recent hospitalization are presented in Table 1 . The median age of the entire group of 600 patients was 77 years (interquartile range [IQR], 72-83 years) and 241 patients (40.2%) were male. Of the patients, 48.0% had a Charlson Comorbidity Index score of 2 or higher, and 19.5% of patients had a history of chronic cognitive impairment. A total of 4523 medications were prescribed for the 600 patients (median number, 7 per patient [range, 1-27; IQR, 5-10]); 34.0% of patients were prescribed 5 or fewer daily regular prescription drugs, 46.0% were prescribed 6 to 10 daily drugs, and 20.0% were prescribed more than 10 daily medications. According to STOPP criteria, 610 PIMs were identified in 337 patients (56.2% of all patients). With Beers criteria, 235 PIMs were identified in 173 patients (28.8% of all patients). The breakdown of the study data is illustrated in the Figure. A total of 329 ADEs were identified in 158 of the 600 patients (26.3%). Of the 329 ADEs, 36 (10.9%) were judged by consensus agreement to have been the principal cause of the index hospitalization. These 36 ADEs occurred in 36 patients, ie, 6.0% of the total patient population. The consensus panel judged 183 of the 329 ADEs (55.6%) to have been a clinically significant contributory factor to the index hospital admission, as distinct from being the undisputed prime cause. Thus, 219 of 329 ADEs (66.6%) were either causal or significantly contributory to admission in the 158 patients (26.3%) judged by consensus panel agreement to have experienced a clinically significant ADE. Of the 329 ADEs identified by expert panel consensus, 170 (51.7%) involved STOPP criteria PIMs compared with 67 ADEs (20.4%) related to Beers criteria PIMs (PϽ.01), ie, clinically significant ADEs were listed in STOPP criteria 2.54 times more often than in Beers criteria. Table 2 gives the most commonly prescribed PIMs as per STOPP criteria; most common ADEs that were judged causal or contributory to the index hospitalization and simultaneously definitely or possibly avoidable.
After adjusting for age, sex, comorbidity, chronic cognitive impairment, baseline ADL function, and number of medications, the likelihood of an ADE increased by 84.7% with each STOPP criteria PIM (odds ratio, 1.847; 95% confidence interval, 1.506-2.264; PϽ.001) (eTable; http://www.archinternmed.com). In contrast, prescription of a Beers criteria PIM did not significantly increase the likelihood of an ADE (odds ratio, 1.276; 95% confidence interval, 0.945-1.722; P = .11).
COMMENT
The principal findings of this study include the following:
1. Adverse drug events in acutely ill older patients presenting to a hospital involved STOPP criteria PIMs 2.54 times more frequently than Beers criteria PIMs.
2. Avoidable or potentially avoidable ADEs identified in these patients involved STOPP criteria PIMs in 67.7% of instances, compared with Beers criteria PIMs in 28.5% of instances.
3. Adverse drug events that were definitely or possibly avoidable and simultaneously causal or contributory to urgent hospitalization were listed in STOPP criteria almost 2.8 times more frequently than in Beers criteria-a significant difference. 4. After adjusting for age, sex, ADL functional status, comorbidity, cognitive impairment, and number of medications, the likelihood of patients experiencing an ADE was almost 85% higher if they were prescribed STOPP criteria PIMs than if they were not prescribed STOPP criteria PIMs-a significant difference. In contrast, being medicated with Beers criteria PIMs did not significantly increase patients' odds of experiencing an ADE.
The present study results indicate that STOPP criteria are more sensitive to PIMs that result in ADEs than Beers criteria and are therefore more clinically relevant. To be clinically relevant, PIMs included in a prioritized list to assist the prescriber or medication reviewer in minimizing drug-related adversity should contain a high proportion of drugs that actually cause or predict clinically significant ADEs. The data from the studies by Onder et al 1 (2005) and Laroche et al 7 (2007) indicate that Beers criteria were insufficient in this regard and are therefore of questionable relevance to the prevention of ADEs in older people. Particular strengths of the present study include its prospective design and the fact that all relevant clinical and laboratory data were collected contemporaneously, enabling the full deployment of Beers criteria both independent of and considering diagnosis (unlike most studies to date). This study also examined ADE avoidability using the widely cited Hallas criteria to determine the proportion of ADEs that could reasonably have been predicted and prevented, as distinct from those ADEs resulting from unpredictable idiosyncratic medication reactions, or ADEs arising from medications that are clinically appropriate (eg, bleeding with anticoagulants). The scrutiny of all possible or suspected ADEs by a panel of experts in geriatric pharmacotherapy is likely to have maximized the detection of potential ADEs, unlike most published studies to date, which are retrospective and either do not define ADEs at all or in some instances rely on patients' self-reports of ADEs. 12 Using a more rigorous approach, we show that the PIMs listed in STOPP criteria are significantly more likely to be associated with carefully identified ADEs than were PIMs listed in Beers criteria. Thus, STOPP criteria as a process measure of prescribing appropriateness can be clearly linked to an important health outcome, ie, ADEs. In contrast, Beers criteria PIMs in the present study were not significantly associated with a significantly higher risk of ADEs. We believe that this finding strengthens the argument for the use of STOPP criteria in everyday clinical practice as a means of reducing the risk of ADEs in older patients.
Previously published data from our group show that the prevalence of STOPP criteria PIMs in older people is appreciable in various clinical settings, ie, 21.4% in primary care, 20 34.5% in secondary (hospital) care, 2 and 73.1% in nursing home care. 21 Given the current data showing that PIMs are clinically significant in relation to ADEs, application of the STOPP criteria to drug prescribing and dispensing in older people could be highly valuable as a routine screening tool. This is particularly relevant currently, given the recent indication that ADEs constitute the fifth leading cause of death in the United States 22 and other data showing that ADEs are a major cause of hospitalization in older people 2, 23 as well as excess cost to the US taxpayer to a level of over $200 billion annually. 24 While there is a lack of research data from prospective studies to show that routine application of STOPP criteria results in significantly fewer major ADEs, recent data from a single-center randomized controlled trial carried out by our research group 25 show that older hospitalized patients randomized to receive single time point-structured application of STOPP criteria to their medication lists had significantly improved medication appropriateness on hospital discharge compared with patients receiving routine pharmaceutical care. Importantly, the improvement in medication appropriateness was maintained at 6 months' follow-up after discharge.
The STOPP criteria are not designed to capture all instances of potentially inappropriate prescribing in older people. Such a list would be too unwieldy to be of practical value in regular clinical practice. Rather, STOPP criteria represent the more common avoidable instances of inappropriate prescribing in older people in day-to-day clinical practice. For this reason, instances of obvious ADEs such as bleeding associated with coumarin use and hypoglycemia associated with insulin use are not included in STOPP criteria. STOPP criteria are designed to be used in tandem with START (Screening Tool to Alert doctors to Right Treatment) criteria. 14 START criteria have been validated 14 in the same fashion as STOPP criteria and represent the more common instances of inappropriate omission of potentially beneficial medication for no valid clinical reasons. As with STOPP criteria, the prevalence of potentially inappropriate omission of beneficial drugs is substantial in older person populations in primary care (22.7%) 20 and hospital care (57.8%). 25 The clinical benefit of using STOPP criteria as a tool to prevent ADEs in older people remains unknown. However, given the data showing that routine application of STOPP criteria significantly improves medication appropriateness compared with standard pharmaceutical care, 24 there are reasonable grounds to propose that STOPP as an intervention tool might also attenuate ADE incidence in older people. However, another randomized controlled trial is needed to address this research question. A further important question is whether routine application of STOPP and START criteria leads to significant reductions in medication costs and health care utilization costs.
There were some limitations to the present study. Nonprescription OTC medications were not included in the data collection, and there is a possibility that some ADEs were related to OTC drugs not included in the analysis of PIMs. However, it is unlikely that OTC drugs had a significant influence on ADEs in the present study. Recent unpublished data (2011) from our research group on OTC drugs taken by older people with acute unselected illness who are seen at the same hospital as described in the present study show that the only OTC drug taken with any regularity is acetaminophen on an asoccasion-requires basis for pain relief. Also, the strength of the temporal relationship between the introduction of PIMs and the onset of ADE symptoms was not determinable in the present data set. Similarly, the duration of treatment with PIMs identified in this study was not recorded. Often, however, the onset of ADEs relating to PIMs in older people is subtle and insidious, eg, toxic effects of digoxin in patients with chronic kidney disease of gradual progression and falls relating to the use of neuroleptics. Instead, the study was firmly focused on the presence or absence of PIMs, regardless of duration of treatment.
Criteria for PIMs are not meant to replace clinical judgment; rather, they are designed to enhance clinical evaluation of pharmacotherapy in older patients. Criteria for PIMs in older people should be of benefit for prevention of avoidable ADEs associated with prescription of such PIMs. The present data indicate that STOPP criteria meet this necessary requirement, whereas Beers criteria do not.
